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SUPPLEMENTARY NOTES
ABSTRACT
High-speed electronic circuits are needed for Army systems in communications, wireless sensors, imaging, and other systems. Gallium nitride (GaN) technology offers the highest power densities for radio frequency (RF) and wireless integrated circuits. Several GaN broadband high power efficient power amplifier designs for high frequency operation, such as satellite communications (SATCOM), were recently designed and submitted for fabrication using a proprietary 0.15-µm GaN process under development at TriQuint Semiconductor. These monolithic microwave integrated circuits (MMICs) are being fabricated by TriQuint as part of a recent cooperative research and development agreement (CRADA) with the U.S. Army Research Laboratory (ARL). iii 
SUBJECT TERMS
MMIC, GaN
Contents
Introduction
Compact very efficient communication links are important to Army systems for communications, wireless sensors, and other electronic systems. Constantly improving power efficiencies, power densities, and higher bandwidths continue to push the state of the art in radio frequency (RF) electronics and devices. Recent advances in gallium nitride (GaN) technology have significantly increased power densities for monolithic microwave integrated circuits (MMICs) over previous technologies, such as gallium arsenide (GaAs) 
Layout of GaN Die
Several PAs for Ka-band and higher frequency operation were designed using TriQuint's proprietary 0.15-µm GaN process. Early access to this unreleased fabrication process was obtained through the CRADA between ARL and TQS, Inc. TriQuint agreed to fabricate two 2.5 mm x 2 mm die, as these circuits are of mutual interest in obtaining high frequency, high performance PAs for SATCOM and other communications systems with military applications. Design was performed with computer-aided design (CAD) tools using models provided by TQS, and using a design kit containing passive components from TriQuint's lower frequency commercial 0.25-µm GaN process, which are compatible with the 0.15-µm GaN process. These circuits were then combined into two 2.5 mm x 2 mm die to comprise part of the tiling of TriQuint's next multi-project prototype 0.15-µm GaN wafer fabrication. Figure 1 shows the plot of the first die layout, which includes a broadband high third-order intercept low-noise amplifier (LNA), a 30-GHz one stage PA, two parallel combined 30-GHz PAs, and two versions of a 45-GHz single stage PA. Figure 2 shows Caroline Waiyaiki's harmonic power combiner of two parallel high electron mobility transistors (HEMTs) in a 30-GHz PA, test cells for the individual one-stage PAs, and the broadband LNA included on the previous die. 
Summary of Designs
Following is a list of the amplifier designs in each die layout:
• CKT1-0.3-mm, 30-GHz PA; 0.6-mm parallel combined 30-GHz PA; two versions of a 0.2-mm, 45-GHz PA; and a broadband high IP3 LNA. (2.5 mm x 2 mm die)
• CKT2-0.2-mm, 30-GHz PA; 0.4-mm, 30-GHz PA; 0.8-mm parallel combined 30-GHz PA; and a broadband high IP3 LNA. (2.5 mm x 2 mm die)
The first two 30-GHz PAs in CKT1 have been documented previously. Two different variations for a 45-GHz PA will be documented in another technical report, likewise, for the broadband high IP3 GaN LNA.
Caroline Waiyaiki has been designing high linearity, efficient, high frequency amplifiers using a harmonic termination power combiner passive circuit. The tradeoff is larger size in the combiner versus improved linearity due to reduced higher order harmonics. Her doctoral thesis is based on this harmonic power combiner circuit and those designs will be documented separately.
Design Rule Checking (DRC)
Design rule checking (DRC) verifies all the layout information to provide for manufacturability. Checks for correct line widths, spacing between polygons within the masks, and checks for appropriate combinations of layers, etc., to ensure a successful design are performed with the DRC software and design rules-both provided by TriQuint. Initially, the layouts were checked according to the process design rules supplied by TriQuint, but for their released 0.25-µm GaN process. TriQuint provided additional DRC for the research 0.15-µm GaN process. Discussions with a TriQuint layout engineer and modifications to the layout were performed to remove all design rule errors. There still is the possibility of an electrical error, even with a correct DRC check. No additional layout versus schematic checking was done for these designs, possibly that will be available in the future. This is the first ARL submission in this unreleased TriQuint 0.15 µm GaN process.
Design Data Sheet
TriQuint's customer design data sheet must be completed and submitted along with the standard GDSII layout file. The design checklist is completed to ensure that the tile design has passed DRC checks and ensure the avoidance of common pitfalls. Any fabrication options are designated such as 4-mil thinned wafers with substrate vias for this design. Lastly, plots of the die layouts are included. This should match what TriQuint receives when they import the GDSII file into their system.
Conclusion
ARL designed and submitted to fabrication several high efficiency, high power GaN Ka-band PAs for SATCOM applications and other communications systems of interest to the Army. TriQuint Semiconductor will fabricate these designs under the CRADA between ARL and TQS.
Once the designs are returned, they will be tested and documented in future reports. These will be the first designs from ARL using early access to the high frequency 0. 
